Long-range infrasound propagation is controlled by atmospheric waveguides that 9 extend up to the mesosphere and lower thermosphere and whose efficiency is affected by 10 gravity waves (GWs). These GWs are not explicitely represented in the global models 11 often used to calculate infrasound propagation because their spatial scales are well be-12 low the models resolution. These unresolved GWs also transport momentum and con-13 trol in good part the large-scale circulation in the middle atmosphere. These two issues 14 make that the GWs need to be parameterized to improve the datasets used to calculate 15 infrasound propagation as well as in the Atmospheric General Circulation Models (AGCMs) 16 that are used to make weather forecasts and climate predictions. These two issues gain 17 in being treated in conjonction. From this, improved infrasound calculations could be 18 made by using a realistic amount of GWs. In return, using infrasound records could help 19 specifying important characteristics of the GWs that are parameterized in the climate 20 models.
cases also, deterministic modeling fails in predicting the waveforms and a statistical anal-72 ysis of sound propagation appears necessary to estimate the uncertainties. A problem 73 with these studies is that in the middle atmosphere, the amplitude and characteristic of 74 the GWs are still not well known. In this context we propose to test GWs field which 75 are consistent with those reducing systematic biases in AGCMs. To specify large-scale 76 winds that are consistent with in-situ infrasound observations, we will nevertheless fol-77 low de la Camara et al. [2014] and run the scheme off-line using the large scale winds 78 provided by the ECMWF ERAI analisys up to the mesosphere and by an empirical model 79 above.
80
The purpose of the present paper is to present the research framework we have re-81 cently built to improve infrasound calculations and gravity wave parameterizations. To 82 that end, section 2 presents the non-orographic gravity wave scheme recently introduced 83 in the stratospheric version of the LMDz climate model and its impact. To illustrate the 84 significance of the parameterized waves we will make changes in the parameterization 85 set-up and discuss their impacts. In section 3, we briefly expose one of the technique we 86 use to evaluate infrasound propagation from a given source to a given receiver, and take 87 the example of the Hukkakero ammunition destruction done August 18, 2016 at 12:30pm.
88
We then expose how gravity waves fields can be included and show results for the two 89 setups of the GWs parameterization we use.
90

Formalism
91
The stochastic method introduced in [Eckermann, 2011; Lott et al., 2012a] 
where w is the vertical velocity, z the vertical log-pressure coordinate, H = 7km a ver-95 tical scale characteristic of the middle atmosphere temperatures,ŵ n (z) the complex ver-96 tical structure of a given harmonic, k its horizontal wavenumber, ω its absolute frequency,
97
x and t being horizontal position and time respectively. In (1) the parameter C n mea-
98
sures the amplitude of a given harmonic to represent the total wave field (for instance 99 efficient, its statistical interpretation makes that it satisfies
On top of this statistical decomposition, k and ω are also chosen randomly within bounds 102 covering the space and time scales we believe the model does not solve well. To describe 103 vertical propagation, we derive from (1) an EP-flux due to the waves
where F n (z) is the EP-flux carried by each waves, ρ 0 (z) = ρ r e −z/H being a character-
105
istic density vertical profile ρ r being constant. We then make a WKB evaluation of each 106 harmonics introducing a diffusivity ν(z) = µ/ρ 0 (z), and limiting each wave amplitude 107 to its statically marginal stability limit. From such consideration and from the Eliasen-
108
Palm theorem, telling that the EP flux is constant for steady linear wave in the absence 109 of dissipation, we construct the vertical profile of F z n following the iterative rule from 110 one model level (z) to the next above (z + δz):
where the first fraction guarantees that the EP-flux is in the direction of the phase speed,
In Lott and Guez [2013] , the precipitation is translated into a heating over a character-
122
istic depth ∆z and integrated into a forced Taylor-Goldstein equation solved via a Green 123 function method. It yields a "launched" momentum flux,
where we have assumed that the amplitude of the stochastic projection of subgrid scale 125 precipitation onto the n th harmonics equal the gridscale precipitation P : |P n | = P . In
126
(6) the n-indices are dropped for conciseness, R is the dry air gas constant, L c the la-127 tent heat of condensation, ∆z 1 scales the depth of convection, and G 0 is a tunable con- 
where ∆z 2 is a tuneable depth for the PV anomalies, it is near the gridscale depth δz,
134
f is the Coriolis parameter, U z is the wind shear and G 1 is a tuneable parameter, again creasing rapidly as a function of pressure by using the relation,
which reproduces qualitatively the decay with altitude of the daily Ozone in the meso-
150
sphere used in Hourdin et al. [2013] .
151
Concerning the parameterization of the non-orographic gravity waves, we choose 152 the wavenumber of the waves randomly using a uniform distribution between 10
. Their intrinsic phase speed is also chosen randomly using a Gaus- titudes is around z l = 500m for the frontal waves and z l = 5km for the convective ones. 
167
The results presented in this paper are from a 15-yrs experiment where sea surface 
192
To characterize the variability of the polar night jets, the Fig. 2a contribute one half only, the second being the GWs. Therefore, we have tuned the con-
218
vective GWs scheme in order that the model produces a QBO, and the results are in Fig. 3a .
219
In it we see that the Equatorial winds at the equator alternate positive and negative phase,
220
within a cycle that has a irregular period of almost 26 months. This is a little faster than 
where φ m and k m satisfy the Helmholtz equation
where c(z) is the effective sound speed. Here we use the effective sound speed approximation (Godin [2002] ), in which the component of the horizontal wind speed in the direction of propagation is added to the thermodynamic sound speed,
Using the normal mode approach to compute the acoustic pressure field, the impact of GWs is evaluated as follows. Firstly, the large-scale vertical profiles of temperature and winds are extracted from ECMWF products, typically up to 70km. The profiles are matched with the empirical models HWM07 (Drob et al. [2008] ) and MSIS-90
(Mass Spectrometer and Incoherent Radar Model) through interpolation functions. These two empirical models provide a statistical representation of the mesosphere and thermosphere. The resulting profiles allow computing both the effective sound speed c(z), through the effective sound speed approximation, and the GW field. Secondly, the off-line version of the GW model is used to estimate the impact of GWs onto the vertical profiles.
Since the scheme described in section (2) only predicts fluxes F z n for randomly chosen wavevectors k n and frequencies ω n , it is necessary to rederive the GW fields by applying local polarization relations and a WKB formalism, yielding,
where
and where the vertical profiles of vertical velocity,
where χ n is a phase that can be chosen randomly. Then, to evaluate wave fields that are 244 consistent with the parameterization presented in section (2), we proceed stochastically 245 and first compute n = 100 realizations of vertical profiles choosing k n and ω n randomly.
246
From this large number of realizations we reconstruct an ensemble of GW fields pick-247 ing the intermittent factors C n randomly as well, but conserving the normalization con-248 dition (2). 
A case study
250
We generally refer to the low frequency band of the acoustic spectrum (2πN < ω < 2π) as infrasound. Man-made sources in this band are limited to large explosions and to sonic booms generated by rockets and aircrafts. Extensive investigations of such sources have been carried out by numerous authors and examples of infrasonic pressure signatures can be found in the literature. For illustration purpose we consider sound prop-agation of regional distances, and model the source function in (9) by
where 0 < t < 1/f c , and s(t) = 0 otherwise. celerities is produced, replacing T and u in Eq. (12) by T +T and u+ u respectively. 
314
In this paper we propose another approach, in which the GW field is described by profiles evaluated stochastically using the setup of Fig. 1 (c,d) and from a parameterization with reduced phase speed waves (a,b). The original reference profile is indicated by c(z) (which is also the mean profile) and a particular realization c k (z) is given by the green line. 
